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A. Introduction

Landscape-level models (Chapter VIII) were used to objectively quantify current habitat
conditions for wildlife in Indiana using GIS analysis.

The parameters built into the models included many different aspects of landscape composition
and configuration 1 for example, how habitat cover types were interspersed, habitat patch



sizes/degree of fragmentation, distance from one habitat feature to another, or density of roads
or developed areas. The number and types of parameters used varied with each species (see
below).

The models were set up to calculate individual suitability indices (Sls), which are denoted Sl
Sly, Sls, etc. Each Sl represented one parameter of habitat quality as it pertained to the focal
species: for example, density of developed areas. Each Sl produced a calculated value of
relative habitat quality for the focal species ranging from 0 (unsuitable) to 1 (perfectly suitable)
for each 30x30 m cell (i.e., map pixel) in a planning region. Sls were then combined in a final
equation (habitat suitability index, or HSI), frequently using a geometric mean, to determine
overall habitat quality given the values of each individual Sl for each cell. To calculate the Sls, a
variety of patch-definition and distance algorithms were used, depending on the requirements of
the focal species. Frequently, a moving-window analysis was used to assess the proportion of
di fferent habitat requisites within a defined ar esc
those proportions were compared to what was believed to be the ideal interspersion of habitat
types and resources. In this way, these models took into account that habitat suitability of a
species is a function of multiple cover types, and not simply an association with one cover type,
as was a common assumption in the 2005 SWAP. These models incorporated spatial context
into wildlife-habitat relationships.

Input Data

All of the models were built and run with the NLCD 2011 land cover data (Jin et al. 2013), and in

a few cases (noted below), the Indiana GAP land cover data (US Geological Survey 2011). For

some species, landscape-level models had already been published (references are noted

bel ow) , and we used modihkesbdl ¥érmbdebsoapphesd Hof
landscapes. The input data used in the published models varied, and many times, the input

layers used to produce the published models were not readily accessible. Therefore, the

published models were simplified to accommodate the data that was available and most useful

for describing habitat conditions for the SWAP (land cover data). For species without published

model s, we developed models &6from scratch, &6 basing
requirements in published literature.

Model Results

After running a model (i.e., 1 species in 1 planning region), each cell contained in the region
was assigned a particular value of habitat quality ranging from 0 to 1 (see maps in Regional
Chapters). Because the models were landscape-level and did not necessarily take into account
all possible local details that make a habitat of high or low quality for a species, they are not
intended to serve as predictors of a species presence; although, they can give some overview
of potential hotspot areas. For the purposes of the SWAP, when all the species in a region were
taken together, they gave a good objective measure of current habitat condition. The original
intent was to run the models with future conditions i alternative landscape scenarios that would
be based on the outcome of different combinations of conservation actions, but as described in
Chapter VIII, this endeavor was, at present, too abstract a question to be useful. We also
considered running the models with landscapes simulated every decade out to 2050 by Tayyebi
etal. (2013), whi ch we woul d have used to represent a | and:
against which to compare the alternative action scenarios. These maps simulate urban
expansion in the US over the next 50 years, but not overall land use change, so their utility on
their own for purposes of the SWAP may be limited.



Models were built for 14 representative species, and methods for each are detailed below. A
total of 38 models were run, with six-seven species representing each region (a species could
represent more than one region).

B. Species with Published Models

Northern Bobwhite

We used a habitat suitability model for the Northern Bobwhite published in Rittenhouse et al.
(2007). The model was implemented exactly as described because there were no differences in
available input data between their model and ours (only NLCD land cover data was used).
Elements of the Northern Bobwhite habitat suitability model included the relative values of
grassland, cropland, and woody edge as habitat, and the interspersion of these habitats.

Suitability Indices

T

Sl1 1 The first suitability index was used to identify grassland habitat, which would be
used by bobwhites for nest sites, cover, and food. We evaluated land cover type in each
cell and set Sl1 = 0.50 if the land cover type was grassland/herbaceous or hay/pasture
and Sli = 0.00 otherwise using the Reclassify tool.

Sl> T The second suitability index was used to identify agricultural food sources. We
evaluated land cover type in each cell and set Sl, = 0.40 if land cover type was
cultivated crops and Sl» = 0.00 otherwise, using the Reclassify tool.

Slz 1 The third suitability index was used to identify woody edges adjacent to grassland
or agricultural habitat, which are often used for escape cover. We used a 60 m moving
window to identify forest or shrubland within 30 m of grassland or agricultural land. This
was accomplished by first identifying grassland and cropland as in the steps above.
Then, we used the Focal Statistics tool to sum all grassland or cropland cells within a
circle with a 2-cell (60-m) radius, using a moving window. If the center pixel in the
moving window contained forest (deciduous, evergreen, and mixed forest) or shrubland,
and the remaining cells contained either grassland or agricultural land, we set Sls = 0.30
for the center pixel. Otherwise, we set Sl; = 0.00.

Sla 1 The fourth suitability index was used to evaluate interspersion of grassland,
cropland, and woody edge. We evaluated the proportion of grassland, cropland, and
woody edge using a moving window with a 360 m radius (~40.7 ha, the maximum
average bobwhite home range in this area). We evaluated the calculated interspersion of
habitat types against i i d eraplorons: grassland = 0.22, cropland = 0.47, woody cover
=0.31. We set Sl = 0.50 if the observed proportion in the moving window equaled the
ideal proportion. The Sl value decreased toward 0 as a function of the difference
between the observed proportion in the moving window and the ideal proportion: Sls =
0.5 * ((1 - |observed proportion grassland-0.22|) * (1 - |observed proportion cropland-
0.47]) * (1 - |observed proportion woody cover-0.31])).

SlIs T The fifth suitability index was used to zero out roads and urban areas (i.e., non-
habitat) that were assigned a suitability value during calculations of Sls. We set Sis =
1.00 for forest, shrubland, grassland, and cropland; otherwise, Sls = 0.00.



Overall HSI
The final habitat suitability value was the sum of (1) the maximum value of Sli, Slz, and Sl; and
(2) the product of Sls and Sls: HSI = maximum (maximum (Sli, Sl2), Sl3) + (Sls % Sls).

Hensl owds Sparrow

We used a habitat suitability model for the
(2007). The model was implemented exactly as described because there were no differences in
available input data between their model and ours (only NLCD land cover data was used).

Elements of the He n s | Sparfow habitat suitability model included the value of grasslands,
grassland patch size requirements (a ¢ e | valdesncreased as patch size increased, with only
patches O 1 Ba having a non-0 value), and the reduced value of grassland edges (grasslands
within 30 m of edge were considered unsuitable).

Suitability Indices
9 Sli1 The first suitability index was used to identify grasslands as a breeding habitat. We
set Sl1 = 1.00 if the land cover type was grassland/herbaceous or hay/pasture and Sl; =
0.00 otherwise using the Reclassify tool.

T SbiThe second suitability index was wused
grassland area requirements (patch size). We calculated patch sizes of grasslands by
first aggregating grassland cells into patches using the Region Group tool, then using
Zonal Statistics to sum the number of cells contained in each of those patches and
converting to ha. We assigned Sl, = 0.01 for 10-ha patches, Sl, = 0.50 for 55-ha
patches, and Sl, = 1.00 for 100-ha patches. Values for all other patches were fit using a
sigmoid function: Sl, = 1.0090 / (1 + e(1"(patch size 1 55.1692)/9.5151))) " G|, was assigned to all
grassland cells (i.e., where Sl; equaled 1) where patch size was >10 ha. For grassland
patches Q%f000ha, SI

1 Sz The third suitability index was used to reduce the value of grassland habitat
adjacent to non-grassland habitat. We applied a moving window of 3x3 cells to
grassland cells (i.e., where Sl; equaled 1) using the Focal Statistics tool. The moving
window assessed the land cover types within the window and assigned Slz = 0.00 to the
center pixel if the window contained non-grassland habitat so that grasslandimmediately
adjacent to edges would have no suitability value. Otherwise, the center pixel retained
the value assigned in Sl; (1.00).

Overall HSI
The final habitat suitability value was the geometric mean of Sl and Sl,, multiplied by Sls to
imposetheedge-s ensi ti ve penaxlSk)wSls. HSI = (asl

Cerulean Warbler

We used a habitat suitability model for the Cerulean Warbler published in Rittenhouse et al.
(2007). Because we did not have complete data on forest stand age, we modified the model so
that the Indiana GAP land cover data could substitute for stand age data, with its more precise
identification of early successional areas than the NLCD land cover data. We also did not have
complete data on forest tree species composition, so we simplified the model to identify only
deciduous and mixed forest cover rather than assigning values to various tree species.

Hens |l c



Elements of the Cerulean Warbler habitat suitability model included identification of deciduous

and mixed forest habitats, reduced value of early successional habitats relative to higher-quality

mature forest habitats, and mature forest patch si
increased).

Suitability Indices
1 Sli T The first suitability index was used to identify a suitable breeding habitat. The
published model identified specific tree species used for nesting; we simply identified
deciduous and mixed forest cover as suitable for breeding. We set Sl; = 1.00 if land
cover type was deciduous forest or mixed forest, and Sl; = 0.00 otherwise using the
Reclassify tool.

1 Sl> T The second suitability index was used to identify mature forest within forest habitat
identified in Sl1. The published model used a data layer of forest stand age and
ecological land type, with values increasing as stand age increased. These layers were
not available, so we used the Indiana GAP land cover data to identify and zero out early
successional areas. First, we used the Reclassify tool to identify the following GAP land
cover types: harvested-grass/forb, harvested-shrub, disturbed/successional-grass/forb,
and disturbed/successional-shrub. We then combined this result with the output from Sl
and set Sl, = 0.00 if the breeding habitat identified in SI; was identified as an early
successional area in Sl.. The remaining cells constituted areas of mature forest and
were set Sl, = 1.00.

1 Sls T The third suitability index was used to address the Cerulean Warbler forest patch
size requirements. We calculated patch sizes of mature forest by first aggregating
mature forest cells into patches using the Region Group tool, then using Zonal Statistics
to sum the number of cells contained in each of those patches and converting to ha. We
assigned Sl; = 0.01 for 100-ha patches, Sl; = 0.10 for 700-ha patches, and Slz = 1.00 for
patches O3000 ha. pachdsweresfit Usiogra sigmoid furcctioh: 8lg=
1.002 / (1 + e(t*(patch size T 1173.6472)/ 215.5808))) ' S|; was assigned to all mature forest cells (i.e.,
whereSbequal ed 1) where patch size was0@®L 00 ha. Fol

Overall HSI
The final habitat suitability value was the geometric mean of Sl, and Sls: HSI 2xSla( S|

American Woodcock

We used a habitat suitability model for the American Woodcock published in Rittenhouse et al.
(2007). We simplified their model since we did not have complete data on tree species
composition and forest stand age.

Elements of the American Woodcock habitat suitability model included the identification of
habitats for diurnal cover, nesting, brood rearing, roosting, and display, as well as the
interspersion of these habitats.

Suitability Indices
1 Sk The first suitability index was used to identify land cover types suitable for nest
sites and diurnal cover. The published model used forest species composition data to
identify these areas. Because we did not have this data, we simply identified cover as
suitable for nest sites and diurnal cover. We set Sl1 = 1.00 if land cover type was




deciduous forest, mixed forest, or shrubland, and Sli = 0.00 otherwise using the
Reclassify tool on the NLCD data.

i Sl» 1 The second suitability index was used to identify early successional areas for nest
sites and brood-rearing habitat. The published model used forest stand age and
ecological land type to identify these areas, with quality decreasing as stand age
increased. Because we did not have this data, we substituted the Indiana GAP land
cover data. We used the Reclassify tool to identify the following land cover types:
harvested-shrub and disturbed/successional-shrub. We set Sl, = 1.00 if the cell
contained these cover types, otherwise Sl = 0.00.

1 Sz The third suitability index was used to identify open areas suitable for display and
roosting. The published used forest stand age and ecological land type data, but we
substituted the Indiana GAP land cover data. We used the Reclassify tool to identify the
following land cover types: central tallgrass prairie, disturbed/successional-grass/forb,
harvested-grass/forb, north-central interior sand/gravel tallgrass prairie, pasture/hay, and
recently burned shrubland. We set Slz = 1.00 if the cell contained these cover types,
otherwise Sls = 0.00.

1 Sls i The fourth suitability index was used to evaluate the interspersion of
nesting/foraging habitats and display habitats. We evaluated the proportion of early
successional habitats (Sl2) and open habitats (Sls) using a moving window with a 200-m
radius (corresponds to the median distance between diurnal sites and singing grounds
and average total home range size). The ideal proportions cited by Rittenhouse et al.
(2007) were approximately 0.8 nesting/foraging habitat (early successional/forest) to 0.2
display habitat (open). The calculated proportions of these habitats were evaluated
against the ideal proportions. We set Sls = 1.00 if the observed proportion in the moving
window equaled the ideal proportion. The Sl value declined toward 0 as a function of the
difference between the observed proportion in the moving window and the ideal
proportion: Sls = 1.00 * ((1 - |observed proportion early successional-0.8|) * (1 -
|observed proportion open habitat-0.2])).

Overall HSI

We added together Sl4, Slz, and Sls to identify all potential suitable habitats and re-assigned all
cells where habitats were present to a value of 1. The final habitat suitability value was the
geometric mean of the resulting layer and Sla: HSI| 15xSk) S|

Eastern Red Bat

We used a habitat suitability model for the Eastern Red Bat published in Larson et al. (2003).
We simplified the published model where necessary to make up for the lack of forest stand age
and ecological land type data. We also added a habitat interspersion variable because the
simplified model was overly simplistic and unrealistic.

Elements of the red bat habitat suitability model included the identification of roosting habitats
and foraging habitats, the distance to surface water from roosting habitats (value decreased as
distance to surface water increased), and the interspersion of roosting habitats (forest) and
foraging habitats (forest edges).

Suitability Indices




1 Sli 7 The first suitability index was used to identify roosting habitats for red bats
(forested habitats). We used the Reclassify tool on the NLCD data layer to set Sl; = 1.00
if land cover type was deciduous forest, evergreen forest, or mixed forest, otherwise, Sl1
= 0.00.

1 Sl The second suitability index was used to identify foraging habitats for red bats
(forest edges). We used the Focal Statistics tool on the resulting Sl1 layer to identify
forest edges using a 3x3 cell rectangular moving window. We set Sl = 1.00 if the cell
contained forest edge habitat, otherwise, Sl, = 0.00.

1 Sls T The third suitability index was used to evaluate the distance from the roosting
habitat to surface water, and increase the value of roosting habitats closest to surface
water. To accomplish this, we first identified surface water, including wetlands, using the
Reclassify tool on the NLCD data layer (open water, woody wetlands, and emergent
herbaceous wetlands). We then used the Euclidean Distance tool to determine the
distance from every cell to the nearest surface water and converting to km. We took a
subset of the resulting layer to create a new layer that contained only the distance from
the roosting habitat (i.e., where Sl1 = 1.00) to surface water. Following the citations in
Larson et al. (2003), we set Slz = 1.00 where the distance to surface water was <0.75
km and Sls = 0.00 where the distance was >1.5 km. To assign value to cells >0.75 km
but <1.5 km from surface water, we applied an equation derived from Larson et al.
(2003, Figure 24): Sls = (-1.333 x distance) + 2.

1 Sls 7 The fourth suitability index was used to evaluate the interspersion of roosting and
foraging habitats. We evaluated the proportion of roosting habitats (Sl1) and foraging
habitats (Sl2) using a moving window with a 16-cell radius (corresponds to average
home range size in this region; Walters et al. 2007). We set the ideal proportions of
roosting to foraging habitat at 0.7:0.3. The calculated proportions of these habitats were
evaluated against the ideal proportions. We set Sls = 1.00 if the observed proportion in
the moving window equaled the ideal proportion. The Sl value decreased toward O as a
function of the difference between the observed proportion in the moving window and
the ideal proportion: Sl4 = 1.00 * ((1 - |observed proportion forest-0.7|) * (1 - |observed
proportion forest edge-0.3|)).

Overall HSI
The final habitat suitability value was the geometric mean of Sls and Sla: HSI 3xSld( S|

Prairie Warbler

We used a habitat suitability model for the Prairie Warbler published in Larson et al. (2003). We
simplified the model because data layers were not available for forest stand age.

Elements of the Prairie Warbler habitat suitability model included the relative value of forest and
early successional habitats, habitat patch size (value increased as patch size increased), and
the reduced value of habitat edges for nesting.

Suitability Indices
1 Sli T The first suitability index was used to define and assign value to suitable habitat
patches. We used the Reclassify tool on the NLCD data layer to identify suitable
habitats. We set Sl; = 1.00 if the cell was classified as shrubland, Sl1 = 0.30 if the cell
was deciduous forest, evergreen forest, or mixed forest, otherwise, Sl = 0.00. We also




used the Indiana GAP data to identify early successional habitats. We set Sl; = 1.00 if
the cell was classified as harvested-shrub or disturbed/successional-shrub. We then
combined the results from NLCD and GAP.

1 Sl> 1 The second suitability index was used to address Prairie Warbler habitat patch size
requirements. We calculated patch sizes of habitat (forest, shrub, and early
successional) by first aggregating habitat cells into patches using the Region Group tool,
then using Zonal Statistics to sum the number of cells contained in the each of those
patches and converting to ha. We assigned Sl, = 1.00 for patches >3.51 ha and Sl>=
0.00 for patches <0.36 ha. For patches <3.51 ha but >0.36 ha, we applied the equation
Sl; = (0.32 x patch size) - 0.13 (Larson et al. 2003; Figure 11). Sl, was assigned to all
cells containing suitable habitat (i.e., where SI;>0).

1 Sls T The third suitability index was used to reduce the value of forest edges, as habitat
quality for Prairie Warblers may be lower near edges, where they avoid nesting. First, we
identified habitat edges using the Focal Statistics tool with a 3x3-cell rectangular moving
window. We set Sl; = 1.00 for habitat interior and Sls = 0.50 for habitat edges; otherwise,

Slz = 0.00.
Overall HSI
The final habitat suitability value was the geometric mean of Sl1 and Sl,, multiplied by Sls to
applytheedge-s ensi ti ve penaxSh))xSlsHSI = (a(si

Ruffed Grouse

We used a habitat suitability model for the Ruffed Grouse published in Rittenhouse et al. (2007).
We simplified the published model since GIS data was not available for mast production, forest
stand age, or ecological land type.

Elements of the Ruffed Grouse habitat suitability model included the value of early successional
and deciduous forest habitats, patch size of early successional habitats, minimum habitat area
requirements, and interspersion of early successional and deciduous forest habitats.

Suitability Indices
1 Sli T The first suitability index was used to identify suitable habitat for Ruffed Grouse.

Grouse are associated with early successional habitats and forage for mast in deciduous
forests. We used the Reclassify tool on the Indiana GAP land cover data to identify early
successional habitats. We set Sl1 = 1.00 if the cell contained harvested-shrub or
disturbed/successional-shrub. We also used the Reclassify tool on the NLCD land cover
data to identify deciduous forest. We set Sl1 = 1.00 if the cell contained deciduous forest.
The combination of the resulting layers from GAP and NLCD constituted Sl;, otherwise,
Sl; = 0.00.

I Sl2 1 The second suitability index was used to address patch size requirements for early
successional habitats. We calculated patch size of early successional habitats by first
aggregating early successional cells (identified in Sl1) into patches using the Region
Group tool, then using Zonal Statistics to sum the number of cells contained in each of
those patches and converting to ha. We assigned Sl, = 1.00 for patches >4 ha. For
patches <4 ha, we applied the equation Sl, = patch size / 4.



9 Sls 1 The third suitability index was used to address the minimum forest area
requirement for Ruffed Grouse. This included the combination of early successional
habitats and surrounding deciduous forest (i.e., where Sl; = 1.00). We calculated patch
size of forest habitats by first aggregating habitat cells into patches using the Region
Group tool, then using Zonal Statistics to sum the number of cells contained in each of
those patches and converting to ha. We assignedSls= 0. 00 f or paRoches O10
patches >100 ha, we applied a sigmoid function: Slz = 1.000 / (1 + e(*(patchsizeT 277.118)/
24.6569)) 50 that Sl for patches >400ha was assigned an approximate value of 1.

1 Slsi The fourth suitability index was used to evaluate the interspersion of early
successional and forest habitats. We evaluated the proportion of early successional
habitats and deciduous forest habitats (identified in Sl1) using a moving window with a 6-
cell radius (corresponding to average home range size of Ruffed Grouse). We set the
ideal proportions of early successional and forest habitats to 0.4:0.6. The calculated
proportions of these habitats were evaluated against the ideal proportions. We set Sls =
1.00 if the observed proportion in the moving window equaled the ideal proportion. The
Sl value decreased toward O as a function of the difference between the observed
proportion in the moving window and the ideal proportion: Sls = 1.00 * ((1 - |observed
proportion early successional-0.4|) * (1 - |observed proportion forest-0.6])).

Overall HSI
The final habitat suitability value was the geometric mean of Sl, and Sls, multiplied by Sls: HSI =
(& @®3l4)) x Sls.

Timber Rattlesnake

We used a habitat suitability model for the Timber Rattlesnake published in Rittenhouse et al.
(2007). We simplified the model for use with only land cover data, as data layers for forest stand
age, ecological land type, and den locations were not available.

Elements of the Timber Rattlesnake habitat suitability model included the identification of early
successional and deciduous forest habitats, the interspersion of these habitat types, and the
distance to roads (with habitat quality increasing as the distance from the nearest road
increased).

Suitability Indices
1 Sli T The first suitability index was used to identify suitable habitat for the Timber

Rattlesnake. First, we used the Reclassify tool on the Indiana GAP land cover data layer
to identify early successional habitats used for foraging and basking. We set Sl; = 1.00 if
the cell contained harvested-shrub or disturbed/successional-shrub. We also used the
Reclassify tool on the NLCD land cover data layer to identify deciduous forests, which
contain large coarse woody debris used by rattlesnakes. We set Sl; = 1.00 if the cell
contained deciduous forest. The combined results of these two layers constituted Sl1,
otherwise, Sl; = 0.00.

1 Sl> T The second suitability index was used to evaluate interspersion of early
successional habitats and deciduous forest habitats. We used the Focal Statistics tool to
evaluate the proportion of early successional habitat and deciduous forest habitat
(identified in Sl1) using a moving window with a 28-cell (850-m) radius (corresponding to
the maximum average home range size of Timber Rattlesnakes). The ideal proportions



of early successional and forest habitats were set to 0.15:0.85. The calculated
proportions of these habitats were evaluated against the ideal proportions. We set Sl, =
1.00 if the observed proportion in the moving window equaled the ideal proportion. The
Sl value decreased toward O as a function of the difference between the observed
proportion in the moving window and the ideal proportion: Sl> = 1.00 * ((1 - |observed
proportion early successional-0.15]|) * (1 - |observed proportion forest-0.85|)).

1 Sls T The third suitability index was used to reduce the value of habitats closest to roads
and developed areas. First, we used the Reclassify tool on the NLCD land cover data
layer to identify roads and developed lands (developed-open space, developed-low
intensity, developed-medium intensity, and developed-high intensity). We then used the
Euclidean Distance tool to determine the distance from all cells to the nearestdeveloped
lands and converted to km. We took a subset of the resulting layer to create a new layer
that contained only the distance from habitats (i.e., where Sl; = 1.00) to developed
lands. Following the citations in Rittenhouse et al. (2007), we set Sl; = 1.00 for habitat
cells >100 m from developed lands. For habitat cells <100 m from developed lands, we
applied the equation Slz = distance to road / 100.

Overall HSI
The final habitat suitability value was the product of Sl, and Sls, with Slz applying the road-
sensitive penalty to the suitable habitat types identified in SI; and Slz: HSI = Sl x Sls.

Red-headed Woodpecker

We used a habitat suitability model for the Red-headed Woodpecker published in Tirpak et al.
(2009). We simplified the model to account for the fact that data layers for standing snag density
and timber tree density were not available.

Elements of the Red-headed Woodpecker habitat suitability model included the relative value of
land cover types that constituted suitable habitats, and the increased value of habitats that
included transitions between habitats and open areas.

Suitability Indices
1 Sli T The first suitability index was used to assign relative habitat quality values to land
cover types that constitute suitable habitats for Red-headed Woodpeckers. We used the
Reclassify tool on the NLCD land cover data layer and set Sl1 = 1.00 for evergreen
forest, mixed forest, and woody wetlands, Sl = 0.75 for deciduous forest, and Sl; = 0.25
for shrubland, otherwise Sl; = 0.00.

1 Sl The second suitability index was used to increase the value of habitat edges
(where habitats transitioned to open areas), since Red-headed Woodpeckers breed in
relatively open habitats with widely spaced trees near openings. We used the Focal
Statistics tool with a 7x7-cell rectangular moving window to identify edges of habitats
identified in Sl1 (i.e., wherever SI;>0). We set Sl, = 1.00 wherever edge occurred within
the moving window, otherwise, Sl, = 0.10 (for non-habitat, Sl> = 0.00).

Overall HSI
The final habitat suitability value was the product of Sl (relative value of cover types) and Sl.
(increased value of habitat near open areas): HSI = Sl1 x Sl».



C. Species without Published Models

Northern Leopard Frog

We constructed a habitat suitability model for the Northern Leopard Frog based on the following
publications: Stevens et al. 2010, EPA Northern Leopard Frog Species Profile (and citations
therein), UNH Extension Northern Leopard Frog Species Profile (and citations therein).
Elements of the Northern Leopard Frog habitat suitability model included the identification of
wetland and water-edge habitats, the identification of grassland habitats, the relative value of
grassland habitats based on the distance to wetland habitats, and the decreased value of
habitats in areas with high road density.

Suitability Indices

T

Sli T The first suitability index was used to identify suitable wetland habitats for the
Northern Leopard Frog. First, we used the Reclassify tool on the NLCD land cover data
layer to identify wetland habitats (woody wetlands and emergent herbaceous wetlands).
Northern Leopard Frogs may also use the edges of open water. We again used the
Reclassify tool to identify open water. We then used the Focal Statistics tool with a 4x4-
cell moving window on the resulting layer to identify open water edges. The combination
of these two results constituted Sl:. If a cell contained wetlands or open water edges, Sl1
= 1.00, otherwise, Sl1 = 0.00.

Sl> 1 The second suitability index was used to increase the value of water habitats in
close proximity to grasslands, since Northern Leopard Frogs will only travel up to 2 km
from water to grassland/shrubland habitats. We used the Euclidean Distance tool to
determine the distance from each cell to the nearest wetland habitat (identified in Sl;)
and converted to km. We then identified grassland habitats using the Reclassify tool on
the NLCD land cover data layer (grassland/herbaceous, hay/pasture, and shrubland).
We took a subset of the resulting layer to create a new layer that contained only the
distance from grassland habitats to wetlands. We set Sl, = 0.00 for any grassland cells
>2 km from wetlands. For grassland cells <2 km from wetlands, we applied the equation
Sl; = (-0.5 x distance) + 1, so the value of the cell would increase as distance to wetland
decreased.

Slz 1 The third suitability index was used to decrease the value of habitats near areas
with a high density of roads and developed lands, since Northern Leopard Frogs are
sensitive to road mortality. We used the Reclassify tool on the NLCD land cover data
layer to identify roads and developed lands (developed-open space, developed-low
intensity, developed-medium intensity, and developed-high intensity). We determined
the density of developed lands within a 50-cell radius circular moving window (based on
maximum average distance travelled by leopard frogs) using the Focal Statistics tool.
We applied the following equation (based on the maximum possible density of
developed lands within the moving window) to habitat cells (i.e., wetlands and
grasslands <2 km from wetlands identified in Sl; and Sl2): Sls = (-0.000127 x density) +
1, so the value of habitat cells with increasing densities of developed lands surrounding
them was decreased.

Overall HSI



The final habitat suitability value was the geometric mean of (1) the combination of Sl (wetland
habitats) and Sl> (grassland habitats based on distance to wetlands) and (2) Sls (road-sensitive
penal ty): 1HS)xSk). &( ( S|

Copper-bellied Water Snake

We constructed a habitat suitability model for the Copper-bellied Water Snake based on the
following publications: Roe et al. (2004), Roe et al. (2006), Attum et al. (2007), Attum et al.
(2009), and Center for Reptile and Amphibian Conservation and Management reporti Copper-
bellied Water Snake: Identification, Status, Ecology, and Conservation in the Midwest (and
citations therein).

Elements of the Copper-bellied Water Snake habitat suitability model included the identification
of wetland and upland habitats, the density of roads and developed areas (habitat quality
decreased as road density increased), the density of vegetative buffers around wetlands
(wetland habitat quality increased as upland habitat density increased), and the complexity of
wetland mosaic habitat (the quality of habitat increased as the number of wetlands within the
copper-bel | yds home range increased).

Suitability Indices

1 Slii The first suitability index was used to identify both wetland and upland habitat for
the Copper-bellied Water Snake. For wetland habitats, we identified woody wetlands and
emergent herbaceous wetlands in the NLCD land cover data. Copper-bellies may also
use open water edges, so we identified open water in the NLCD land cover data and
then used the Focal Statistics tool with a 3x3-cell rectangular moving window to identify
edges of open water habitats. These two results were combined to define wetland
habitats. For upland habitats, we identified shrubland in the NLCD data. Copper-bellies
may also use forest edges or forest-field margins, so we identified forests (deciduous
forest, evergreen forest, and mixed forest) in the NLCD data and then used the Focal
Statistics tool with a 3x3-cell moving window to identify edges of forest habitats. These
two results were combined to define upland habitat. We set Sl1 = 1.00 for any cell
containing wetland or upland habitat, otherwise, Sl; = 0.00.

1 Slxi The second suitability index was used to decrease the value of habitats in areas
with high densities of roads and developed lands, since copper-bellies are sensitive to
road mortality, especially when roads bisect their travel routes between wetlands. First,
we identified roads and developed lands using the Reclassify tool on the NLCD land
cover data layer (developed-open space, developed-low intensity, developed-medium
intensity, and developed-high intensity). We determined the density of developed lands
within a 20-cell radius moving window (based on maximum average distance travelled
by copper-bellies) using the Focal Statistics tool. We applied the following equation
(based on the maximum possible density of developed lands within the moving window)
to habitat cells (i.e., wetlands and uplands identified in Sl4): Sl> = (-0.000796 x
developed density) + 1, so the value of habitat cells with increasing densities of
developed lands surrounding them was decreased.

1 Sz The third suitability index was used to increase the value of wetland habitats in
areas with high density of upland habitats since the most important habitat feature for
copper-bellies is the presence of wetland complexes/mosaics in the landscape, and
adequate vegetative buffers are needed around wetlands, with higher densities of
vegetative buffers yielding higher-quality wetland habitat. We determined the density of



upland habitats (identified in Sl1) within a 20-cell radius circular moving window using the
Focal Statistics tool. We applied the following equation (based on the maximum possible
density of upland habitats within the moving window) to habitat cells (i.e., wetlands and
uplands identified in Sl1): Sl> = (0.000796 x upland density), so that the value of habitat
cells with increasing densities of upland habitats surrounding them were increased.

T SLiThe fourth suitability index was wused to inc
wetland areas, since copper-bellies regularly move between 3-5 wetlands over the
course of their active season. First, we aggregated wetland habitats into patches using
the Region Group tool. Then, we counted the number of wetland patches within a 20-cell
radiuscircular movi ng window using the Focal Stati st
than the usual 6Sumd) . We tsHoe eachzdl tdentifiedeas as ui t a b
habitat in Sl based on the number of wetlands within the moving window: for 1 patch,
Sl4= 0.00, 2 patches = 0.25, 3 patches = 0.50, 4 patches = 0.75, >4 patches = 1.00.

(

Overall HSI

The final habitat suitability value was the geometric mean of (1) the maximum of Sl (density of
roads) and Sl; (density of upland habitats) and (2) Sl4 (complexity of wetland mosaic): HSI =
a( ( ma,SER)BXISl).

Eastern Box Turtle

We constructed a habitat suitability model for the Eastern Box Turtle based on the following
publications: Williams and Parker 1987, Donaldson & Echternacht 2005, Luensmann 2006.

Elements of the Eastern Box Turtle habitat suitability model included the identification of suitable
habitats, the distance from habitats to water (value increased as distance to water decreased),
and density of roads (value decreased as density of roads increased).

Suitability Indices

1 Sk The first suitability index was used to identify suitable habitat for the Eastern Box
Turtle based on land cover type. Box turtles use a wide variety of habitat types: forested
habitats (both deciduous and evergreen), wetland and open water edges, forest-field
ecotones, shrublands, and grasslands. We used the Reclassify tool on the NLCD land
cover data to identify forests (deciduous forest, evergreen forest, and mixed forest),
shrubland, and grasslands (grassland/herbaceous and hay/pasture). We set Sl; = 0.75if
land cover type in a cell was forest or shrubland, 0.50 for herbaceous grassland, and
0.25 for hay/pasture (as mowing reduces quality of grassland habitats). We then used
the Focal Statistics tool with a 3x3-cell rectangular moving window to identify forest
edges. For any forest habitat identified in the previous step that was forest edge, we set
Sl; = 1.00. For non-habitat, Sl = 0.00.

1 Slx T The second suitability index was used to increase the value of habitats closest to
water. First, we identified open water using the Reclassify tool on the NLCD data. We
then used the Euclidean Distance tool to determine the distance from each cell to water.
We took a subset of the resulting layer to create a new layer that contained only the
distance from habitat cells (identified in Sl1) to water. We set Sl, = 0.00 for any habitat
cells >200 m from water. For habitat cells <200 m from water, we applied the equation
Sl; = (-0.005 x distance) + 1, so the value of the cell would increase as distance to water
decreased.



9 Sls 1 The third suitability index was used to decrease the value of habitats in areas with
high densities of roads and developed lands, since box turtles are sensitive to road
mortality as they travel. First, we identified roads and developed lands using the
Reclassify tool on the NLCD land cover data layer (developed-open space, developed-
low intensity, developed-medium intensity, and developed-high intensity). We
determined the density of developed lands within a 3-cell radius moving window (based
on average home range diameter) using the Focal Statistics tool. We applied the
following equation (based on the maximum possible density of developed lands within
the moving window) to habitat cells (i.e., habitat cells identified in Sl;): Slz = (-0.0354 x
developed density) + 1, so the value of habitat cells with increasing densities of
developed lands surrounding them was decreased.

Overall HSI
The final habitat suitability value was the geometric mean of (1) the maximum of Sl, and Sls; and
(2) Sl1: HSI = A%l m8IR.( S|

Bl andingds Turtl e

We constructed a habitat suitability model for the
publications: Hamernick 2001 and WisconsinDNRBlandi ngés Turtl e Species Gu
citations therein)

El ements of the Bl andingds Turtle habitat suitabil
habitats, distance to nesting habitats (with habitat quality increasing with decreasing distance to

nesting habitats), wetland complexity (with habitat quality increasing with increasing number of

wetlands within a home range), and density of roads (with habitat quality decreasing in areas

with increasing density of roads).

Suitability Indices
1 Sli1 The first suitability index was used to identify suitable habitatforB| a n d Tuntlg. 6 s
We used the Reclassify tool on the NLCD land cover data layer to identify grasslands
(grassland/herbaceous and hay/pasture) and emergent herbaceous wetlands. We set
Sl1 = 1.00 if a cell contained these cover types, otherwise, Sl; = 0.00.

1 Sl> T The second suitability index was used to increase the value of habitats in close
proximity to nesting habitats. First, we used the Reclassify tool on the Indiana GAP land
cover data to identify nesting habitat (Central Tallgrass Prairie, North-Central Interior
Oak Savanna, North-Central Interior Sand and Gravel Tallgrass Prairie, Great Lakes
Dune, and Great Lakes Wet-Mesic Lakeplain Prairie). We then used the Euclidean
Distance tool to determine the distance from habitat identified in Sl; to suitable nesting
habitat. We set Sl, = 0.00 for habitat cells >275 m from nesting habitat (based on
maximum average distance travelled). For cells <275 m from nesting habitat, we applied
an equation to increase the value of habitat cells closest to nesting habitat: Sl, = (-
0.0036 x distance) + 1.

1 Sls T The third suitability index was used to increase the value of habitat with increasing
complexity of wetl and mo s aegutady,moww betmeen 3-Bl andi ng o
wetlands over the course of their active season. First, we aggregated wetland habitats
into patches using the Region Group tool. Then, we counted the number of wetland
patches within a 33-cell radius moving window using the Focal Statistics tool (output:



6Varietyo, rather than the usual 0:Sar @adh) . We t hi
habitat cell based on the number of wetlands within the moving window: for 1 patch, Sls
=0.00, 2 patches = 0.25, 3 patches = 0.50, 4-5 patches = 0.75, >5 patches = 1.00.

1 Sls7 The fourth suitability index was used to decrease the value of habitat in areas with
high densities of roads and developed | ands, S |
road mortality as they travel. First, we identified roads and developed lands using the
Reclassify tool on the NLCD land cover data layer (developed-open space, developed-
low intensity, developed-medium intensity, and developed-high intensity). We
determined the density of developed lands within a 33-cell radius moving window (based
on average home range diameter) using the Focal Statistics tool. We applied the
following equation (based on the maximum possible density of developed lands within
the moving window) to habitat cells: Sl4 = (-0.000292 x developed density) + 1, so the
value of habitat cells with increasing densities of developed lands surrounding them was
decreased.

Overall HSI
The final habitat suitability value was the maximum of Sl, and Sls, scaled by Sl4, and multiplied
by Sli to zero out non-habitat: HSI = Sl1 x (Sla x (max(Slz, Sl3))).

Swamp Rabbit

We constructed a habitat suitability model for the Swamp Rabbit based on the following
publications: Terrel (1972), Allen (1985), Zollner et al. (2000), Whitaker and Mumford (2009),
and Vale and Kissell (2010).

Elements of the Swamp Rabbit habitat suitability model included the relative value of wetland
and upland habitats, proximity of wetland habitats to upland habitats (with value increasing with
decreasing distance to upland), the density of agriculture and developed lands (with value
decreasing in areas with increasing density of agriculture and developed lands), and wetland
complex patch size (with value increasing as patch size increased).

Suitability Indices

1 Sli T The first suitability index was used to identify suitable habitats for the Swamp
Rabbit. We used the Reclassify tool with the NLCD land cover data layer to identify
woody wetlands and emergent herbaceous wetlands. We also identified floodplain
forests by using the Focal Statistics tool with an 8x8-cell moving window to identify
edges of open water. Floodplain forests were identified as any cell containing forest
(deciduous forest, evergreen forest, or mixed forest) that fell within the open water edge
habitats. We also identified upland habitats used by Swamp Rabbits: deciduous forest,
evergreen forest, mixed forest, shrubland, and herbaceous grassland. We set Sl; = 1.00
if a cell contained wetland or floodplain forest habitat and 0.25 if a cell contained upland
habitat.

1 Slx T The second suitability index was used to increase the value of wetlands in close
proximity to upland habitat. We used the Euclidean Distance tool to determine the
distance from wetland habitat identified in Sl; to upland habitat identified in Sl; and
converted to km. We set Sl, = 0.00 for any wetland >2 km from upland. For cells <2 km
from upland habitats, we applied the equation(-0 . 0005 [ di stance) + 1, s
increased with decreasing proximity to upland, and cells directly adjacent to uplandwere
set to Sl> = 1.00.



1 Sz The third suitability index was used to decrease the value of habitat in areas with
high densities of agriculture and developed lands. First, we identified agriculture and
developed lands using the Reclassify tool on the NLCD land cover data layer (cultivated
crops, developed-open space, developed-low intensity, developed-medium intensity,
and developed-high intensity). We determined the density of these cover types within a
4-cell radius moving window (based on average home range) using the Focal Statistics
tool. We applied the following equation (based on the maximum possible density of
agriculture and developed lands within the moving window) to habitat cells: Sl4 = (-0.02 x
ag/developed density) + 1, so the value of habitat cells with increasing densities of
developed lands surrounding them was decreased.

1 Sls1 The fourth suitability index was used to address Swamp Rabbit wetland patch size
requirements. We calculated patch sizes of wetland habitats (wetlands and floodplains)
by first aggregating habitat cells into patches using the Region Group tool, then using
Zonal Statistics to sum the number of cells contained in the each of those patches and
converting to ha. We assigned Sl4 = 1.00 for patches >100 ha. For patches <100 ha, we
applied the equation Sl,= (0. 01 | patch size), so that a ce!
decreasing patch size.

Overall HSI

The final habitat suitability value was the geometric mean of (1) the combination of Sl, and Sla,

multiplied by Sl; to scale habitat values and zero out non-habitat and (2) Sls: HSIT =+S&) ( (S

x Sl1) x Sl3).
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E. Landscape-level Modeling Results

Great Lakes Region



Terrestrial Modeling Results
Technical experts participating in the Modeling Focus Group suggested the following terrestrial
species as candidates for landscape-level modeling:

Amphibians: Blue-spotted Salamander and Northern Leopard Frog

Birds: Alder Flycatcher, Black Tern, Bobolink, Common Gallinule, Field Sparrow,

Golden-winged Warbler, Least Flycatcher, Marsh Wren, Northern Bobwhite, Northern

Waterthrush, Red-eyed Vireo, Red-headed Woodpecker, Sandhill Crane, Veery, and

Wood Thrush

1 Mammals: Bobcat, F r a n kGraumd&aguirrel, Eastern Red Bat, River Otter, Southern
Bog Lemming, Star-nosed Mole, and White-tailed Deer

1 Reptiles: Blanding's Turtle, Massasauga, and Racer

T
1

Respondents to the species survey voted for species from this initial list based on habitat types
and were given space to suggest additional species. The top-ranked species were:

1 Forests: Red-headed Woodpecker, Wood Thrush, Eastern Red Bat, Red-backed
Salamander, and Spotted Salamander

i Grasslands:Nort hern Bobwhit e, Hens | Redéhsadesipar r ow, Ma
Woodpecker, and Northern Leopard Frog

1 Early Successional: American Woodcock, Ruffed Grouse, and Whip-poor-will

1 Wetlands/Aquatic Systems: Northern Leopard HMassasaugaBl andi ng
River Otter, and Mallard

Ultimately, the following species were chosen for landscape-level modeling (Chapter V):
Northern Bobwhite, American Woodcock, He ns | owd s S ghaaded WWeodpedker,d
Bl andingds Turtl e, Northern Leopard Frog, and East

Landscape-level models were built for each of the species above that estimated the quality of
current habitat conditions (Chapter V). Figures C-1 through C-7 below show the resulting habitat
suitability scores on maps for each representative species. To produce a map of average
habitat suitability across all species tested, the scores for individual cells were averaged. Figure
C-8 represents these cumulative suitability scores. For cleaner interpretation of the cumulative
scores, an additional graph (Fig. C-9) is found below which groups the average scores into
quartiles (0.00-2.25 - poor; 0.25-0.50 - fair; 0.50-0.75 - good; 0.75-1.00 - excellent). Because of

the varying habitat needs of the species tested, N
habitat for all of them. Therefore, no areas received a habitat suitability quartile score of
fexcell ent 0. Areas whi ch r e sresénttiedireds withdhelflestood o scor

habitat for the widest variety of species and a valuable mix of habitat types.



Habitat Suitability for the American Woodcock
in the Great Lakes Region

Suitability Index - AMWO
Value
B Low: 0

Figure C-1. Habitat suitability scores for the American Woodcock in the Great Lakes Region.

Habitat Suitability for the Blanding's Turtle
in the Great Lakes Region

Suitability Index - BLTU

Value
|} High: 1
B low: 0

Figure C-2. Habitat suitability scores f or t he Bl andingés Turtle in the Grea



Habitat Suitability for the Eastern Red Bat
in the Great Lakes Region

Suitability Index - ERBA

Value
e High : 0.998745

B low: 0

Figure C-3. Habitat suitability scores for the Eastern Red Bat in the Great Lakes Region.

Habitat Suitability for the Henslow's Sparrow
in the Great Lakes Region

Suitability Index - HESP

Value
B High : 1.00449

B Low: 0

FigureC-4.Habi tat suitability scores for tRegonHens| owds Spar:



Habitat Suitability for the Northern Leopard Frog
in the Great Lakes Region

Suitability Index - NLFR
Value

] High: 1

B low: 0

Figure C-5. Habitat suitability scores for the Northern Leopard Frog in the Great Lakes Region.

Habitat Suitability for the Northern Bobwhite
in the Great Lakes Region

Suitability Index - NOBO

Value
_ High : 0.978059

-Low:O

Figure C-6. Habitat suitability scores for the Northern Bobwhite in the Great Lakes Region.



Habitat Suitability for the Red-headed Woodpecker
in the Great Lakes Region

Suitability Index - RHWO
Value

- High: 1

— Low: O

Figure C-7. Habitat suitability scores for the Red-headed Woodpecker in the Great Lakes Region.

Average Habitat Suitability in the Great Lakes Region

Average Habitat Suitability Index

Value
L) High : 0.612605

-Low:O

Figure C-8. Average habitat suitability in the Great Lakes Region for all representative species.



Habitat Suitability Quartiles in the Great Lakes Region

Quartiles

777 0.00 - 0.25 (poor)

[ ] 0.25- 0.50 (fair)
I 050 - 0.75 (good)
B o.75 - 1.00 (excellent)

Figure C-9. Habitat suitability quartiles for cumulative scores across all species tested in the Great Lakes
Region. Scores ranging from 0.00-1.00 were grouped into quartiles (0.00-0.25 - poor, 0.25-0.50 - fair,
0.50-0.75 - good, 0.75-1.00 - excellent) to produce this map. Note that because of the varying habitat
needsof the species tested, no single area can rep
areas received a habitat suitability quartile sc
overall represent the areas with the best habitat for the widest variety of species and a valuable mix of
habitat types.
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